Shooting
Star Experiment that is a technology demonstrator flight for solar thermal propulsion.
The inflatable structure is a pressurized assembly used in orbit to support a fresnel lens for focusing sunlight into a thermal storage engine. When the engine temperature reaches a preset level, the propellant is injected into the storage engine, absorbs heat from a heat exchanger, and is expanded through the nozzle to produce thrust.
The inflatable structure is an adaptive system in that a regulator and relief valve are utilized to maintain pressure within design limits during the full range of orbital conditions. Further, the polyimide film material used for construction of the inflatable is highly nonlinear, with modulus varying as a function of frequency, temperature, and level of excitation.
A series of tests is described for characterizing the structure in response to various operating conditions.
Introduction
The Shooting Star Experiment (SSE) is a Space Shuttle payload and technology demonstrator flight for solar thermal propulsion.
The basic concept behind solar thermal propulsion is to utilize sunlight or solar energy as a means of heating a working fluid (propellant) to provide thrust at increased specific impulse. As shown in Fig. 2 , the SSE will be carried on a Spartan spacecraft and launched in the Space Shuttle.
An instrument canister will house the thermal storage engine and a secondary solar concentrator, and a special container will be used for storing the inflatable during launch. On orbit, the Spartan spacecraft and the SSE will be deployed using the Orbiter's remote manipulator arm. After release of the Spartan, pyrotechnics will be used to open the inflatable structure container, and the inflation sequence will follow. The inflation subsystem will have the capability to pressurize the structure with gaseous nitrogen on-orbit and maintain the pressure within design limits. As shown in Fig. 5 , the subsystem will consist of the gas supply, feed
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The function of the regulator is to increase pressure as necessary, and a relief valve is used to release gas from the inflatable if the pressure exceeds design limits. On-orbit conditions make it necessary to provide an inflation system that can vary the pressure.
As the Spartan spacecraft and SSE move from orbital eclipse into orbital day, the temperature of the nitrogen gas in the torus and struts could show a large increase, and consequently the pressure could increase.
The relief valve must prevent the pressure from increasing above 1.0 psi to prevent possible leakage or failure of the inflatable.
Conversely, as the vehicle moves from orbital day into darkness, the pressure could drop drastically.
The regulator must insure that the pressure does not fall below 0.5 psi, the desirable operating pressure.
The design pressure limits are driven by the strength of the various joints and seams in the inflatable torus and struts. 
Modal_Survey

Testing in Atnlo$1_herlc Pressure
Modal tests were performed for individual struts and a prototype concentrator assembly in a vibration lab at atmospheric pressure. It is realized that the air could have a considerable damping effect on the dynamics of the inflatable structures, and this was to be evaluated in later tests. Figure 6 shows a single strut suspended vertically in the test configuration.
Foam plugs were used at each end of the strut to seal it, and at the upper end to provide an opening for the pressure line. Soft supports were used to simulate a _.e-free condition, and shaker excitation was applied at the lower end of the strut.
Testing was done at various pressures for two different thicknesses of the polyimide film material.
It was found that the natural frequency varies as a function of both the film thickness and pressure inside the structure (Table 1) . Data from this test was very valuable for determining the applicability of simple beam theory for modeling inflatable beam-like structures constructed of highly nonlinear materials.
Measured mode shapes showed the general charactetstics of a free-free beam. Dynamic modeling of a single strut and comparison to this test is described in a later section of the paper.
Next, testing was done for a prototype concentrator assembly consisting of a toms, lens simulator, and three tapered struts (Ref. 6) . Figure  7 shows the test article suspended in a free-free configuration.
The pressure line is visible at the top of the structure, and a tank of pressurized
Vacuum Testina of the Inflatable Structure and Pressurization System
Testing of the inflatable is also being done in a vacuum chamber with four objectives:
(1) obtain modal vibration characteristics in the absence of air, and compare to previous results in air, (2) visually evaluate packing schemes for folding the inflatable and placing it in the container, (3) evaluate the inflation sequence, starting from the packed configuration, and (4) characterize pressure regulators. The modal survey test will be done for a range of pressures, including the 0.5 psi operating condition, and all modes of interest below lO0 Hz will be measured.
A laser vibrometer will be placed outside the vacuum chamber for obtaining measurements, and electrodynamic shakers will be mounted inside the chamber.
Simulation
of the inflation sequence is difficult in one particular area: reducing the effects of gravity such that onorbit microgravity conditions are matched as closely as possible.
The test configuration in vacuum will have the inflatable container mounted at the top of the chamber with its doors pointed toward the bottom of the chamber. A mechanism must be designed to prevent the inflatable from falling out of the container when the inflation sequence begins.
In preparation work for the vacuum testing, an investigation of the leak rate for the inflated concentrator was done.
Initially, after the structure was placed in the vacuum chamber and inflated with nitrogen, a high leak rate of 0.6 psi/hr was detected.
Next, the concentrator was inflated with helium, and a "sniffer" device was used to locate leaks. Kapton polyimide tape was utilized to repair the structure, with the result that the leak rate was reduced to .07 psi/hr.
As the second stage of preparatory work, the vacuum was drawn and the pressure in the concentrator assembly was monitored.
The initial inflation pressure for the structure was 0.5 psig (15.2 psia), and it was found that the concentrator pressure followed the chamber pressure down to reach a final pressure of 0.5 psia. That is, during the pumpdown of the chamber (reduction to 0 psia), the pressure inside the inflatable maintained 0.5 psi relative to the external pressure.
This was a significant test with very encouraging resultsin regard to on-orbitconditions and operability of the structure. The pressure insidethe inflatablewasmanuallyincreased as the chamber was brought back toatmospheric pressure.
Testin_q in Thermal Vacuum In addition to modal vibration tests described previously for atmospheric pressure and vacuum conditions, testing will also be done in a thermal vacuum chamber.
The combined database will allow development of structural dynamic models that take into account the variation of the inflatable vibration properties due to temperature, frequency, and external pressure changes.
Thermal vacuum testing will also be done to simulate the orbital transition from eclipse to sunlight (and from sunlight to darkness) to determine the response of the structure to thermal shock and the static deflection due to the temperature gradient. 
